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Abstract 
The research that we present sheds a light on a possible opportunity to provide an innovative method of rehabilitation with 
touchless software dedicated to users with special needs. To date our research focused on the investigation of the possible 
benefits in Autism Spectrum Disorders (ASD) and issues related to it such as, motor difficulties, relationship difficulties, social 
gender, and cognitive problems. In the study we examined five different age groups of users and the variables in relation to 
solicitation proposals, for 3 months. As to date there are a limited number of studies that investigate the application of software-
based touchless motion and their use in practice habilitation-rehabilitation. This paper attempts to provide a dual contribution: 
explain an innovative therapeutic modality for lavish treatments using softwares dedicated and highly customizable, with 
supervision, and present the clinical experience conducted on the subjects examined. Overall, our research confirms the potential 
benefit that the use of such software provides dedicated, showing improvement learning variables in ASD children and adults. 
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1. Introduction  
Our research in the field of telemedicine, about the possibility of therapy with software motion-based touchless  is 
concentrated in the study of five user groups with Spectrum Disorder (ASD). The team was up of neuro-psycomotor 
therapist and neuropsychiatrist supervisors, both promoters of the project, supported by the teams of the structures in 
which the study was conduct. The teams were, a child psychiatrist, psychologists, speech therapists, physical 
therapists, neuro-psycomotor therapist and educators a reference for each user. The software was created with the 
collaboration of computer engineers, who worked with the team to develop the programs. The users were divided 
into five groups with heterogeneous age and functioning, for a total of 27 participants. This experimental research 
comes from the desire to offer new therapeutic opportunities, with support and integration of treatment that ASD re-
habilitation users undergo regularly, through the game, proposed in the form of touchless games. 
2. Background: interaction through the game in ASD  
Studies conducted to consider the effectiveness of digital technologies for ASD individuals reveal that these tools 
are well received among autistic children [1]. A digital environment provides stimuli that are more focused, 
predictable, and replicable than conventional tools. It also reduces the confusing, multi-sensory distractions of the 
real world that may  induce anxiety and create barriers to social communication. In addition, digital tools can exploit 
the benefits of visually based interventions adopted in existing therapeutic practices such as video modeling [2]. 
Delivering educational contents through digital images, animations, or videos capitalizes on the fact that ASD people 
are “visual learners”. Game-based activities accelerate learning processes creating a state of flow that promotes 
attention, increases the capability of selecting relevant information, and augments the willing to complete the 
required tasks. Gameplay is one of the areas of development most significantly affected by the cognitive and 
emotional impairments of autistic children, and their  gaming skills are limited [3]. Integrating digital play into 
educational routines offers opportunities for encouraging social interaction, developing communication and 
imaginative thinking, and increasing children’s ability to perform a variety of activities needed for daily life [20]. 
3. Study 
The proposed project is an experimentation of new software to gestural interaction, created for re-habilitation, 
with the use of kinetic’s technology. Embodied cognition provides a theoretical underpinning for the educational 
potential of touchless motion-based games. This hypothesis is also supported by the results of empirical studies that 
consider regular children and by arguments based on pedagogical practices. Kynigos et al. [5] present a set of 
collaborative full-body digital games designed to understand what meanings learners develop during body-
movement and gestures. Authors report that children perceived body motion as a natural way to interact and 
mutually communicate, and directly connected their body actions with the mathematical concepts embedded in the 
games. A controlled study [6] on the relationship between body involvement and engagement in educational motion-
based gaming shows that an increase in body movements results in an increase in the player’s engagement level, 
and, in multiplayer conditions, enforces the social nature of the gaming experience. A number of studies [7] [8][9] 
[10] discuss the potential of Kinect applications for teaching and learning at school. Kanndroudi and Bratitsis [10] 
analyse seven popular Kinect games with respect to a set of theoretically grounded learning principles and provide a 
categorization that can help educators to exploiting this technology for teaching physical, cognitive, emotional and 
social skills. According to [11], motion-based educational activities can facilitate kinesthetic pedagogical practices 
for learners with strong bodily-kinesthetic intelligence (who learn better when they are physically involved in what 
they are learning) [4]. The trial was attended by members diagnosed with ASD (Autism Spectrum Disorder), 
collaborating with functional profile "homogeneous", in consideration of the heterogeneity of the disease, compared 
to its peer group. The study consists of five phase: the initial evaluation with standardized tests, exposure to software 
with use of Kinect, the final re-evaluation, analysis and data processing, and the preparation of the final report by 
creating a video to leave to families, to make them fully involved and aware of the experience held by their children. 
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4. Research variables 
The goals of the treatment with which we undertook the research considered the motor area, the area of cognitive 
and relational sphere and were based primarily on the research of motor initiative supported by the motivation to 
play. For the area of motor skills we considered a priority objective transversely to the reduction of motor 
clumsiness, sometimes contributing to social discrimination. Therefore, we included, as an objective, the search for 
better postural control and management of their body in space, an increase of skills of static and dynamic balance 
and motor planning skills, greater fluidity of movement, time reduction latency in motor responses and the increase 
in motor coordination skills of eye-hand and eye-foot. For the cognitive area, we focused on supporting and 
promoting attentional capacity (selective and sustained attention) and joint attention. For the relational area, in 
particular with the group of adolescents, we undertook the goal of cooperation in a dimension of working in pairs 
and then in groups. Transversely to the objectives, was studied the respect of waiting times, management and 
promotion of frustration and extinction of dysfunctional behaviors. In general, the goal that the Project poses is to 
observe and measure the performance, including the stage at "time zero" and the final stage, of the initially set 
objectives, in order to understand what and how an innovative approach as that of touchless software has as 
scientific value within a re-habilitation  path to supplement treatments normally carried out in the usual settings of 
specific therapy. 
5. Iter of work 
The five groups under study were subjected to a preliminary evaluation, with the administration of standardized 
tests and clinical observation, to determine the level of skills investigated in order to draw up a starting base-line. 
Subsequently meetings used the software, supported by kinect technology, during which the participants were 
individually interfaced, and, for the group of adolescents, also in group sessions. The final phase used new 
evaluation, by administering the tests of the initial phase, to measure the changes of the variables investigated before 
exposure to the specific software and new observations. During the sessions video recordings were made, followed 
by video analysis. The sessions were held weekly, during which the participants were interfaced with the software 
for a period of 30 to 45 minutes (participant/session). During the project a preliminary questionnaire of knowledge 
and a weekly check-list was provided, that caregivers completed at the required different times of the week. In the 
first phase of the study, five autistic children males aged 10-12 years, with low-moderate cognitive deficits; low-
medium sensory-motor dysfunction, without prior experience with motion-based touchless interaction technology 
were recruited. We monitored visual selective attention and sustained and behavioral variables (e.g. Distress as 
inappropriate movements, negative emotion, overstimulation) during interaction with the commercial games we 
selected for 5 consecutive meeting held once a week. For the second phase of the experiment, we recruited ten 
medium-low functional children who can be considered as clinically homogenous. The children (9 males, 1 female, 
aged 6-8 years) were randomly assigned either to the treatment group or to the control group. During the entire 
period, parents were warned not to let their children play with motion-based game consoles. With the same method 
of the first period of experimentation, we compiled the start base-line through administration of the test to both 
groups. After, we started following the "working group" with frontal sessions with the  use of dedicated software, 
developed by engineers on team’s specific clinical requests, always using kinect. Even at this stage we monitored the 
progress of attention and motor skills. The third and fourth test phases involved eight adult users with diagnostic 
classification of ASD, divided in two groups, with severe cognitive impairment and motor skills as well as poor 
socio-relational. The data of these two phases is based purely on empirical data obtained from video-analysis, since 
the administration of the test was not feasible. Whereas in the fifth stage were recruited four boys aged between 18-
20 years, followed regularly with rehabilitative and educational therapy. The boys’ functionality is globally 
consistent, taking into account the heterogeneity of the aspects within an autistic spectrum. The study with the group 
of children follows the experimental design with standardized assessments, use of checklists, questionnaires and 
clinical observations. 
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6. Design guidelines 
The proposed software was created in order to support learning processes with a playful approach, taking 
advantage of children’s favored channels: technology. Firstly we created "games" for users suffering from ASD, 
then analyze the peculiarities of the spectrum trying to translate them into simple activities, mainly with clear 
objectives, basic graphics, un-invasive sounds and with a clear sequence based on cause-effect. The interface and 
interaction modality were carefully analyzed, taking into account the peculiarities of children and respecting their 
individuality, therefore all software are highly customizable, in order to calibrate, the specific difficulties, target 
training, if necessary, for many diagnosis.  
7. Software Created 
We created and adopted two software: the first (game 1) with the clinical aim of improving movement speed and 
precision, implement the co-ordination of eye-hand and eye-foot, stimulate motorial programing seeking a greater 
capacity of putting into act economic and efficient motorial strategies regarding target. The second game (game 2) 
had the clinical aim of promoting the identification of the correlation between the body and shown image, stimulate 
awareness of one’s body limits, awareness of the body in space, the capacity to disregard, imitation capacity and 
motorial control, self-regulation and static and dynamic balance. The intervention of the therapist targeted  at the 
research for autonomy excludes the need for help or third parties, therefore a progressive decrease of physical 
prompting, leaving space to the players own initiative. 
8. Evaluation  
The participants were evaluated through standardized tests to obtain a start base line defining a functional profile 
of the researched area up to that moment. The following tests were given: Movement abc, [22], Developmental test 
of visual motor integration, visual perception supplementary test, motor coordination supplementary test [24], 
modified bell test (TCM) [21], supplementary Wisc IV test [25], synthetic scale to evaluate writing (BHK) [23]. The 
parameters used to correct the test were relative to the age of 14 for the TCM, to the performance of the fifth 
elementary class for BHK, in the age range 11-12 for the drums, to evaluate the child’s motorial possibilities. A 
cognitive questionnaire was given to the family to fill in, to have a “photograph” of the participants. Each week they 
were given the questionnaires (check-list) in which they were asked to give a score regarding different moments of 
the week to monitor any macroscopic changes in behavior that they usually have. The checklists were mainly 
relative to behavioral problems, stereotypy and relational aspects both general and concerning an activity enjoyed by 
the child, chosen by the compiler. During evaluation an initial motorial observation was carried out as well as the 
various test mentioned above, in which the participants underwent a series of items in order to observe the quality of 
their movement. This was to have not only normative data but also initial phase observation references that only 
through the test would not have emerged. From the preliminary observations, we moved onto the specific software, 
which was tested so that the participants try before the real sessions, to have an idea of what they would have done. 
No explanation was given. The users were simply left in front of the monitor to understand in complete autonomy 
what they had to do. Overall, in all study groups the first approaches were positive: the participants showed curiosity 
and willingness to follow the game and sometimes the therapist’s verbal indication if and when necessary. After the 
evaluation phase, we moved onto the calibration of the single software parameters. In fact the software has been 
created with the idea of getting children to experiment beyond the own difficulties. This is aided by a strong game 
motivation, therefore continuously trying to improve, following the logic of proximal development zone with the 
intention of proposing problems a little more difficult than at present, however, simple enough for them to 
understand. [12]. 
9. Results 
In the first study group using commercial software, we saw that if we compare the values of selective and 
sustained attention before and after the treatment, we noticed an increase of these variables for all children that 
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indicates a retention of learning benefits in the short term, i.e., seven days after the end of the treatment. Concerning 
selective attention, we observed a steady increment for three of the five children. For two children there was an 
increment at the end of the fourth meeting, and a slight decrease seven days after the end of the treatment, with 
values remaining higher than those before treatment. In other words, the overall gaming experience seemed to 
promote stronger incremental results for children with low levels of attention skills.  Overall, our findings are in line 
with existing studies concerning the positive effects of motion-based games on engagement [13][14], which in turn 
is known to create an emotional state facilitating attention and concentration. After a relatively short time and 
without any prior experience on touchless motion-based interaction, all children learned how to control the sport 
games, employed correct movements and gestures, and reached the capability of autonomous play, i.e., play without 
adults’ assistance [4]. In the second study group, the first to use the specialized software developed on specific 
difficulties, an increase of selective attention +72.38% [+14.43% average increase on the reference scale], (Fig 1.a) 
and a sustained attention one of +33.48 [+19.29% average increase on the reference scale], was observed. On the 
contrary, control group was not subjected to considerable variations and remained steady on the studied variables. 
The clinically significant results on “work group” were confirmed by the deletion subtest of Wisc IV, obtaining an 
average percentage increase of 32.38% [+14.00% average increase on the reference scale], (Fig 1.b) [15].  
 
       a       b 
       
Fig. 1. (a) Graphic Bell test of selective attention; (b) Graphic Wisc IV of selective attention. 
Furthermore, regarding behavioral variables, we found a progressive decrease in interaction difficulty seen in the 
first five meetings. The initial difficulties seemed to have disappeared and consequentially distress levels 
decremented (Fig n.3). Our findings provide empirical evidence that motion-based touchless games have a learning 
potential for autistic children, to promote attention and an integration of motor and visual skills. This is witnessed by 
clinical tests and by the increasing level of play performance manifested with the progression of the treatment (Fig 
n.4).  
 
             a          b 
 
 
 
 
 
 
 
 
 
 Fig. 2. (a) Usability gap measured in five meetings; (b) Comparison of motor ability between beginning and end of treatment. 
 
 
c01 c02 c03 c04 c05 c06 c07 c08 c09 c10
G1 G2
T0 31 24 39 21 35 28 27 16 40 32
T1 56 48 51 40 56 30 25 18 40 33
10
20
30
40
50
60
c01 c02 c03 c04 c05
t0 36 16 30 44 31
t1 50 22 44 54 36
10
20
30
40
50
60
0
5
10
15
p.1 p.2 p.3 p.4
T0
Tf
0.00
0.05
0.10
1st meeting 3rd meeting 5th meeting
5181 Laura Bartoli and Stefano Lassi /  Procedia Manufacturing  3 ( 2015 )  5176 – 5183 
10. Transversal comparison 
Comparing the sessions in the five study periods, certain considerations emerged. Common amongst the groups is 
the interest and motivation regarding the proposed games, eye contact with the monitor and even the selective and 
sustained visual attention, the feeling of correspondence to the avatar, respecting the time to wait (e.g. reward-
restart). The willingness and motivation shown by adolescence and children compared to adults was different: the 
enthusiasm of the younger people, constantly encouraged even after the session puts the individual in a constant 
light of stimulus, thus leading them to be, albeit in stiffness of the ASD, more open to new proposals. All the study 
groups showed greater interest in the second game. In the presence of participants who usually do not well accept 
physical contact, both given and sought, it could be seen that in this type of proposal the situation changed slightly. 
In fact, they became active, seeking physical contact both with the therapist, in order to play, and among themselves, 
during group work, with strategies coherent to their cognitive profiles. Common to all the participants was the liking 
for the reward, from the smallest  for the proposed scene to the biggest as a moment in which it was possible to stop 
the activity waiting for a new start. We observed, transversally in various user groups, although belonging to 
heterogeneous age groups, different behavior implemented between “imitation” and gamming with the avatar that is 
synchronized: in the task of imitation the response other than being quicker is also often present. The reflection rises 
in particular from the role that the mirror neurons have, precisely the mirror mechanism, thanks to which certain 
neurons transform that which I see into its own motor program in such a way as to make the perception of the 
external world mine. Here lies the difference between the capacity to understand by means of mirror neurons and the 
capacity to understand through logic, an abstract procedure [16]. In the tasks requiring a “participation without 
suggestions”, therefore with a lack of model reference, the participants had greater difficulty to understand what 
they had to do before something happened. This is not all that occurred, there was also a difficulty in maintaining 
the awareness of separation between them and the avatar, learned through their reactions during the game.  
11. Considerations 
It been shown quite clearly that “a learning” is produced in that the modality of the game and strategies adopted 
become more and more refined and calibrated depending on the goals. The participants seem to be upheld by the 
pleasure of being the cause, dimension, often not tried. Verbal indications that are felt necessary in some moments 
of the session would probably be remedied for a future work at a distance (remote modality), by means of an 
instrument (software) more sensitive therefore more modifieble depending on the specific needs of each player and 
with parameters that can be programmed in more detail. Concerning participants with greater problems, the 
understanding of the avatar game dynamics becomes more complex: in fact, there is not always clarity about the 
mirrored movements between them and those they see on the screen. In the requests of the guided game in which the 
goal is revealed with a visual aid, also for the more serious case participants, the carrying out of the game is often 
possible. From the analysis of the video of the study sessions, it emerged that with the proposal of an “imitation 
task” at the end of the game, for example “give me five”, the youngsters were motivated the same to give the 
requested answer (answering to the outstretched hand to receive their high five, hypothetically because, as 
previously seen, it appears clear what has to be done [modeling] ). Always using the video analysis it can be seen 
how some participants imitate some of the therapists movements, also outside the game (for example, the therapist 
claps at the end of the game and a youngster imitates, after having watched the movements for several moments). 
Even if the software is in the form of the game, it is able to stimulate attention and motor competence, therefore the 
need to forcefully interrupt the game, as happens in normal commercial games, is unnecessary here because at one 
stage the participant reaches such a natural level of tiredness to make them stop playing. The behavior at the end of 
the session allows us to understand how for the users just how challenging it is. They show a clear sign of 
relaxation, body posture changes immediately accompanied by a less contracted facial expression, their gaze returns 
to the setting and on those present and no longer fixed on the monitor. The learning process is based on the 
rienstament of mechanisms that have been understood and therefore are being acquired. The repeatability has an 
important role in reaching mastery and give a control of the learning speed. Repeating the same routine (activity) not 
only improves the individual’s mastery but also gives them the predictability of which they need, as well as clear 
expectations for the near future.  
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12. Concluding remarks 
The results in this phase of the study confirm, giving extra evidence, not only empirical, that the touchless 
“game” has a very strong potential in improving the selective and sustained attention and increases motor 
competence. Such results in a short space of working time, are difficult to obtain and repeat in other therapy 
contexts mainly due to the difficulty to maintain a level of motivation and attention so high over a prolonged period. 
However we feel it opportune to underline that such data are considered with the due care necessary in that, albeit 
showing a significant change in various transversal areas of the five groups, they are the result of a study mostly 
carried out without a control group and however on a limited number. The reported results refer to the final phase of 
evaluation, therefore at present t is not possible to observe the long-term maintenance of the competence reached. 
Existing literature reports positive results concerning the promotion of engagement and the creation of a stronger 
affective experience. For regular children, these factors are acknowledged as facilitators of learning processes; for 
autistic children, they are regarded as a learning benefit per se, because of these subjects’  deficits in the emotional 
sphere and the abnormal way they relate to the  their surrounding world [4]. Further benefits concern motor skills 
[17] and basic cognitive functions such [18]) as awareness of self [19]).  
13. Future directions 
The aim that we pre-established in an ideal and confident roadmap, was that of being able to deepen the study 
with a sufficient number of experimental phases that allow us to understand exactly what the requirements are to 
undertake a much more complex work iter: remote modality working. The idea that in the past seemed almost 
futuristic of remote working, is today possible with contained technological and staff costs with the idea of a real 
usability and accessibility of rehabilitation. In parallel, we want to continue with the creation of new sotware and 
begin the study in remote modality directly at home and in the centers. 
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